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The title compound, [Cu 2 (Ci4H 10 Cl2NO2)4(C 2 H 6 OS) 2 ], 
comprises a Cu" core that is quadruply bridged by four 
carboxylate ligands with the dimethyl sulfoxide ligands 
binding along the Cu- ■ Cu axis. The four carboxylate ligands 
bind in a bidentate syn-syn bridging mode. Molecules reside 
on crystallographic inversion centres bisecting the mid-point 
of the Cu- ■ Cu axis. There are no intermolecular interactions 
of note. 

Related literature 

Cu 11 complexes of non-steroidal anti-inflammatory drugs 
(NSAIDs) show enhanced anti-inflammatory activity and 
reduced gastrointestinal toxicity compared with their uncom- 
plexed parent drug, see: Weder et al. (2002). The structure of 
the Cu-NSAID is likely to be an important factor for its 
biological activity. For example, the anti-tumor activity of the 
monomeric Cu 11 complex of aspirin ([Cu(Asp) 2 (py) 2 ]) is 
reportedly more effective than the dimeric [Cu 2 (Asp) 4 ] 
complex, see: Oberley & Buettner (1979). It has been shown 
that dinuclear Cu-NSAID complexes exhibit similar bio- 
logical activity to mononuclear complexes, but with higher 
stability (Dimiza et al, 2011), making them relevant 
compounds in the treatment of tumor cell lines (Theodorou et 
al, 1999). For mono- and binuclear Cu 11 complexes of diclo- 
fenac, see: Sayen et al. (2012) for [Cu(diclofenac) 2 (H 2 0) 2 ]-- 
2H 2 0 and Kovala-Demertzi et al (1997) for [Cu 2 (diclofenac) 4 - 
(DMF) 2 ]. 
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Experimental 

Crystal data 

[Cu 2 (C 14 H 10 Cl 2 NO 2 ) 4 (C 2 H 6 OS) 2 ] 

M r = 1463.90 

Triclinic, PI 

a = 10.357 (5) A 

b = VZJgJ (5) A 

c = 12.925 (5) A 

a = 81.605 (5)° 

P = 75.561 (5)° 

Data collection 

Oxford Diffraction SuperNova 

Atlas diffractometer 
Absorption correction: multi-scan 

(ABSPACK; Oxford Diffraction, 

2010) 

Tna,, = 0.867, r max = 1.000 



Refinement 

R[F 2 > 2a(F 2 )] = 
wR(F 2 ) = 0.079 
5 = 0.99 

10796 reflections 
396 parameters 
1 restraint 



0.031 



y = 68.489 (5)° 
V= 1539.4 (11) A 3 
Z= 1 

Mo Ka radiation 
jtt = 1.17 mm -1 
T = 100 K 

0.30 x 0.21 x 0.18 mm 



42084 measured reflections 
10796 independent reflections 
9113 reflections with / > 2a(I) 
R in , = 0.030 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.71 e A" 3 

Ap min = -0.51 e A~ 3 
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Symmetry code: (i) — x, —y, —z + 1. 

Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
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molecular graphics: SHELXTL (Sheldrick, 2008); software used to 
prepare material for publication: SHELXL97. 

Dr S. Chevreux and Professor E. Wenger are gratefully 
acknowledged for the crystal structure determination. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: GG2076). 
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Tetrakis{2-[2-(2,6-dichloroanilino)phenyl]ethanoato-A: 2 0:O f }bis[(dimethyl 
sulfoxide-fcO)copper(l I)] (Cu — Cu): a binuclear Cu" complex with the non- 
steroidal anti-inflammatory drug diclofenac 

Stephanie Sayen and Emmanuel Guillon 

Comment 

The proposed curative properties of Cu-based non-steroidal anti-inflammatory drugs (NSAIDs) have led to the 
development of numerous Cu(II) complexes of NSAIDs with enhanced anti-inflammatory activity and reduced 
gastrointestinal toxicity compared with their uncomplexed parent drug (Weder et al, 2002). Furthermore, little is known 
of their pharmacokinetic and biodistribution profile in both humans and animals, stabilty in biological media, or of the 
relative potency/efficacy of the Cu" monomeric versus Cu 11 dimeric complexes. The structure of the Cu-NSAID is likely 
to be an important factor for its biological activity. For example, the anti-tumor activity of the monomeric Cu 11 complex 
of aspirin ([Cu(Asp) 2 (py)2]) is reportedly more effective than the dimeric [Cu 2 (Asp) 4 ] complex (Oberley & Buettner, 
1979). Thus, it appears to be essential to obtain structural information on Cu (II) complexes of NSAIDs in order to fully 
understand their biological activity. Being able to act as a ligand through its carboxylate function of the aromatic ring, 
different diclofenac complexes (Cu-NSAID complex) were described in the literature. It gives rise to a mononuclear 
[Cu(diclofenac)2(H20)2].2H20 complex (Sayen et al, 2012) and a binuclear [Cu2(diclofenac)4(DMF)2] complex without a 
metal-metal bond (Kovala-Demertzi et al, 1997). The former resulted in a distorted octahedral geometry, whereas the 
latter resulted in a binuclear copper complex where each metal centre is described as a perfect square bipyramid with a 
DMF oxygen occupying apical position. In order to favour the metal- - metal bond, which stabilizes the complex and thus 
impact the biological activity, we have tried various coordinating solvents during the recrystallization. 

The structure of the binuclear [bis(2-[2-(2,6-dichlorophenyl)aminophenyl]ethanoate)bis(DMSO)copper(II)] complex (I) 
has been obtained. It consists of a quadruply bridged neutral molecule lying on a crystallographic centre of inversion 
(Fig. 1). Indeed, the four carboxylato moieties act as bridging ligands exhibiting a centre of symmetry midway between 
the two Cu atoms. The solvent used in the synthesis binds in the position trans to the Cu — Cu axis. The dimeric structure 
has a Cu — Cu distance of 2.6619 (12) A, with an octahedral stereochemistry tetragonally elongated along the Cu — Cu- 
O so i V e nt axis due to the Jahn-Teller effect (Table 1). 

In the binuclear unit, the carboxylic acids are fully deprotonated to balance the charge from the Cu" ions. The stability 
of the structure is ensured via a network of /p—/p interactions involving the phenyl acetate rings of the diclofenac 
molecules. On the other hand, no intermolecular H-bonding is observed (Fig. 2). 

The use of DMSO solvent allowed the formation of a binuclear complex with a CU2 metal core, which stabilizes the 
complex in biological media. It was shown that binuclear Cu-NSAID complexes exhibit similar biological activity as the 
mononuclear complex, but with a higher stability (Dimiza et al, 2011), making them relevant compounds in the 
treatment of tumor cell lines (Theodorou et al, 1999). 
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Experimental 

The [bis(2-[2-(2,6-dichlorophenyl)aminophenyl]ethanoate)bis(DMSO)copper(II)] was prepared from a mixture of copper 
sulfate and diclofenac sodium salt in the molar ratio 1 :2 in deionized water. After stirring for 2 hrs at room temperature, 
the reaction mixture was filtered and the green precipitate was washed with water and dried in air. Crystals suitable for X- 
ray diffraction measurements were obtained by slow evaporation of a DMSO solution of the complex. 

Computing details 

Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell refinement: CrysAlis PRO (Oxford Diffraction, 2010); 
data reduction: CrysAlis PRO (Oxford Diffraction, 2010); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 
2008); software used to prepare material for publication: SHELXL97 (Sheldrick, 2008). 




Figure 1 

A representation of the title compound (I) with displacement ellipsoids at the 30% probability level. 
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Figure 2 

The %— 7C stacking interactions in the [Cii2(diclofenac)4(DMSO)2] complex (H atoms are omitted for clarity). 
Tetrakis{2-[2-(2,6-dichloroanilino)phenyl]ethanoato- /c 2 0:0'}bis[(dimethyl sulfoxide-/eO)copper(l I)] (Cu — Cu) 



Crystal data 

[Cu 2 (C 1 4H 1 oCl2N02)4(C 2 H 6 OS)2] 

M r = 1463.90 

Triclinic, PI 

Hall symbol: -P 1 

a= 10.357 (5) A 

6 = 12.787 (5) A 

e = 12.925 (5) A 

a = 81.605 (5)° 

P = 75.561 (5)° 

y = 68.489 (5)° 

V= 1539.4 (11) A 3 

Data collection 

Oxford Diffraction SuperNova Atlas 

diffractometer 
Radiation source: SuperNova (Mo) X-ray 

Source 
Mirror monochromator 
Detector resolution: 10.4508 pixels mm" 1 
CCD scans 

Absorption correction: multi-scan 
(ABSPACK; Oxford Diffraction, 2010) 



Z = 1 

P(000) = 746 

£> x = 1.579 Mgrn" 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 19895 reflections 

9 = 3.0-33.3° 

fi= 1.17 mm -1 

T= 100 K 

Prismatic, green 

0.30 x 0.21 x 0.18 mm 



7^ = 0.867,7^=1.000 
42084 measured reflections 
10796 independent reflections 
9113 reflections with I > 2a(T) 
R mt = 0.030 

$max 33.4 , ^rnin 3.0 



h = -15->-15 
yt = -18^-19 
/ = -19^-19 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F>2a(F 2 )] = 0.031 
wRiF) = 0.079 
5=0.99 

10796 reflections 
396 parameters 
1 restraint 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = l/[a 2 (F a 2 ) + (0.0335P) 2 + 0.9652P] 

where P = (F 2 + 2F 2 )/3 
(A/txU^ 0.012 
Ap max = 0.71 eA~ 3 
Ap min = -0.51 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 1 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 1 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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0.0167 (2) 


C29 


0.14713 (14) 


0.41375 (11) 


0.21268(11) 


0.0163 (2) 



Atomic displacement parameters (A 2 ) 



£/» Jjn ip jjn jjn rp 

Cul 0.01134 (7) 0.01206 (8) 0.01214(7) -0.00424 (6) -0.00065 (5) -0.00190 (5) 
C13 0.01649 (15) 0.03093 (19) 0.02816 (18) -0.00870(14) -0.00621 (13) 0.00686(14) 
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C12 


0.02819 (Is) 


A AT? 1 C /I H\ 

0.02315 (17) 


A AO A O £ / 1 £ \ 

0.02436 (16) 


A A1 n £ /1 A\ 

-0.01136 (14) 


A rtrtTl O /1 A \ 

—0.00732 (14) 


A AAOOT /1 OA 

-0.00237 (13) 


SID 


A A1 1 no / 1 /I \ 

0.01188 (14) 


A A1 A*7zT /1 ZT\ 

0.01976 (16) 


A A 1 O H A f 1 C\ 

0.01874 (15) 


-0.00561 (12) 


A AAOAjC /I 1 \ 

-0.00296 (11) 


A AAO O A /10\ 

-0.00384 (12) 


C14 


0.02377 (17) 


0.01794 (16) 


A AO A O A / 1 

0.02430 (16) 


A A A 1 1 O / 1 O \ 

-0.00113 (13) 


A AACAA /1 0\ 

-0.00500 (13) 


0.00066 (12) 


Cll 


0.02692 (18) 


A AlAn /1 A\ 

0.02932 (19) 


A AO TO O / 1 0\ 

0.02732 (18) 


A AA 1 Z C 1 1 C\ 

-0.00156 (15) 


A AAC A A / 1 A \ 

0.00549 (14) 


AA100"A n c\ 

-0.01270 (15) 


02 


A A 1 C /I f A\ 

0.0154 (4) 


A A 1 T /I /C\ 

0.0174 (5) 


A AOAO /C\ 

0.0202 (5) 


A (\C\£ 1 / A\ 

—0.0061 (4) 


A AAO H / A\ 

—0.0037 (4) 


A AAO O / A\ 

0.0033 (4) 


f\ i r\ 

(J1D 


0.0130 (4) 


A A 1 /C\ 

0.0179 (5) 


A A1 1/T //I \ 

0.0176 (4) 


A A AC C / A\ 

-0.0055 (4) 


A A A AO /O \ 

-0.0002 (3) 


A AAO A / A \ 

-0.0039 (4) 


Ol 


A A 1 C /I / /I \ 

0.0154 (4) 


0.0255 (5) 


A A 1 O" 1 t A\ 

0.0171 (4) 


A AAA 1 i A \ 

-0.0091 (4) 


A AAO 1 t A \ 

0.0031 (4) 


A AAAO" / A\ 

0.0097 (4) 


or 


A A 1 £. O ( C\ 

0.0168 (5) 


A A 1 AO /C\ 

0.0198 (5) 


A AO O O /C\ 

0.0232 (5) 


A AAO A / A \ 

—0.0089 (4) 


A AA A A / A\ 

0.0040 (4) 


AA110 / A\ 

—0.0112 (4) 


U2 


A A 1 H jC /CA 

0.01 lb (5) 


A AIO/ /C\ 

0.0186 (5) 


A AO C C { Z\ 

0.0256 (5) 


A AAO/T { A\ 

—0.0086 (4) 


A AACT /A \ 

—0.005 / (4) 


A AACT (A \ 
0.005 / (4) 


XTA 1 O 

N012 


A A 1 *7 yl /r\ 

0.0174 (5) 


A A 1 O O /C\ 

0.0128 (5) 


A AOAA /C\ 

0.0200 (5) 


A AAC O f A\ 

-0.0058 (4) 


A AA 1 O / A\ 

0.0018 (4) 


A A A AO { A \ 

0.0003 (4) 


C14 


A A 1 A A //:\ 

0.0140 (6) 


A AT 1 C /H\ 

0.0215 (7) 


0.0176 (6) 


a aaz:a tz\ 

-0.0060 (5) 


A AAOA /C\ 

-0.0030 (5) 


A AA 1 O i Z\ 

-0.0018 (5) 


C28 


A A1 HA i £L\ 

0.0164 (6) 


A A 1 C /I i £L\ 

0.0154 (6) 


0.0163 (6) 


A AA A £L ( C\ 

—0.0046 (5) 


A AA 1 A /C\ 

—0.0010 (5) 


A AAAO /C\ 

—0.0003 (5) 


Co 


A A 1 1 O { C\ 

0.0138 (6) 


A A 1 A/C ( £L\ 

0.0196 (6) 


A A 1 0 A /C\ 

0.0139 (5) 


A (\C\A 1 /C\ 

—0.0041 (5) 


A AAO 1 / A\ 

—0.0031 (4) 


A AA/1 O /C\ 

—0.0048 (5) 


Nl 


A A1 CI ( C\ 

0.0152 (5) 


A AO A A 

0.0249 (6) 


A A 1 O A ( Z\ 

0.0139 (5) 


A A A A 1 /C\ 

-0.0001 (5) 


A AAA C / A\ 

0.0005 (4) 


A AAOO f A\ 

-0.0023 (4) 


C31 


A A 1 O £ 

0.0186 (6) 


0.0176 (6) 


A A O A "7 

0.0207 (6) 


A AAZ^A /C\ 

-0.0060 (5) 


A AA 1 O /C\ 

-0.0012 (5) 


A AA 1 A ( C\ 

0.0019 (5) 


C13 


A A 1 C O t tl\ 

0.0152 (6) 


A AO A /I /T\ 

0.0294 (7) 


A A 1 ZTO { H\ 

0.0163 (6) 


A AAOT /C\ 

-0.0087 (5) 


A AA A A /f \ 

—0.0040 (5) 


A AA 1 A /C\ 

-0.0014 (5) 


C2/ 


0.0205 (6) 


A A 1 AO /0"\ 
0.0192 (/) 


A AOOA i C\ 

0.0220 (6) 


A AAOA /C\ 

—0.0080 (5) 


A AAOO /CA 

—0.0023 (5) 


A aao/; /c\ 
—0.0026 (5) 


/~>o 


A A 1 A A t £\ 

0.0149 (6) 


A A 1 n c //;\ 

0.0175 (6) 


A A 1 £n /£\ 

0.0167 (6) 


-0.0064 (5) 


A A A AO /C\ 

-0.0002 (5) 


A AA/TO t c\ 

-0.0062 (5) 




0.0116 (5) 


A AO 1 1 /T\ 

0.0231 (7) 


A A 1 C A //"\ 

0.0159 (6) 


A AAO O /C\ 

-0.0038 (5) 


A Art 1 f i c\ 

-0.0016 (5) 


A A A 1 A /C \ 

-0.0019 (5) 


CI 


A A 1 O A /C\ 

0.0139 (5) 


A A 1 O C 

0.0135 (6) 


A A 1 O O /C\ 

0.0123 (5) 


A AAO 1 / A \ 

-0.0031 (4) 


A AAO O { A \ 

-0.0028 (4) 


A AA 1 O / A\ 

-0.0013 (4) 


C30 


A A 1 C A { C\ 

0.0150 (6) 


A A 1 AO //;\ 

0.0198 (6) 


A AOA^ f£\ 

0.0206 (6) 


—0.00 /0 (5) 


A AAO 1 1 Z.\ 

-0.0021 (5) 


A AAAA 
0.0000 (5) 


C1D 


A A 1 A A 

0.0190 (6) 


A AO AO ZO\ 

0.0308 (8) 


A A 1 O 1 I C\ 

0.0181 (6) 


A A 1 AO //:\ 

-0.0108 (6) 


A AA If i c\ 

-0.0015 (5) 


-0.0066 (5) 


/"< C 

C5 


0.0145 (6) 


A AO C A 

0.0254 (7) 


A ATCH 

0.0257 (7) 


A Art 1 C /C\ 

-0.0015 (5) 


A A A A A /C \ 

-0.0044 (5) 


A AAO C 

-0.0035 (6) 


Clz 


A A 1 C A / £\ 

0.0150 (6) 


A AOA/^ ZO\ 

0.0296 (8) 


A AOAO 

0.0202 (6) 


A A A"70 /C\ 

-0.0072 (5) 


A AACA ( C\ 

-0.0059 (5) 


A AAC 1 / £\ 

0.0051 (6) 


Cll 


a a 1 CO ( C\ 

0.0152 (6) 


A AO 1 1 fH\ 

0.0213 (/) 


A AOTA {H\ 
0.02/9 (/) 


A AAO C I Z\ 

—0.0035 (5) 


A AA^O /C\ 

—0.0062 (5) 


A AA1 O (£\ 

0.0012 (6) 


C7 


A A 1 CI / £L\ 

0.0157 (6) 


A AO A A /H\ 

0.0244 (7) 


A A 1 CH t £\ 

0.0157 (6) 


—0.0066 (5) 


A AAAC /C\ 

—0.0005 (5) 


A AAOO /C\ 

-0.0033 (5) 


Co 


0.0124 (6) 


0.0288 (8) 


A A^^A ( r\ 

0.0220 (6) 


A rtrtCt { C\ 

-0.0053 (5) 


A AAAC /C\ 

-0.0005 (5) 


A A AT A / f \ 

-0.0074 (6) 


C2D 


A AO C A ZO\ 

0.0259 (8) 


A A 1 AO /"7 \ 

0.0193 (7) 


A AO A O ZO\ 

0.0342 (8) 


A A A A"7 { £L\ 

-0.0007 (6) 


A ArtOC ( £L\ 

-0.0085 (6) 


A A A 1 H f £\ 

-0.0017 (6) 


C4 


A A 1 O 1 i C\ 

0.0181 (6) 


A A 1 ClH f£\ 

0.019/ (6) 


A A 1 A/i i £\ 

0.0196 (6) 


A AA/1 1 t Z\ 

-0.0043 (5) 


A AAO O i Z \ 

—0.0032 (5) 


A AAOC 1 Z\ 

—0.0025 (5) 


C26 


0.0226 (7) 


A A 1 O 1 /T\ 

0.0181 (7) 


0.0260 (7) 


A A A A A /C \ 

-0.0040 (5) 


A AA A A 

-0.0040 (6) 


A AA/"A { C\ 

-0.0069 (5) 


C22 


A A 1 £"0 / £L \ 

0.0162 (6) 


A A 1 £ 1 /ZT\ 

0.0161 (6) 


0.0163 (6) 


A AAC C { C\ 

—0.0055 (5) 


A AACA { Z\ 

-0.0050 (5) 


A AA 1 O { C\ 

0.0013 (5) 


pot 

C32 


A A 1 A A /ZT\ 

0.0190 (6) 


A A 1 AT 

0.0197 (7) 


A AO 1 n t c\ 

0.0217 (6) 


A A A A 1 t Z\ 

-0.0091 (5) 


A AA 1 n /c \ 

0.0017 (5) 


A AA 1 C t Z\ 

-0.0015 (5) 


CIO 


A A 1 A 1 //;\ 

0.0141 (6) 


A AOO/; tH\ 

0.0226 (/) 


A A 1 Ci£ f£\ 

0.0196 (6) 


A AAOO. f Z\ 

-0.0023 (5) 


A AAO O 

—0.0032 (5) 


A AACO 1 Z\ 

—0.0052 (5) 


/"-I/O 1 


0.0156 (6) 


A A 1 A O //'A 

0.0143 (6) 


0.0116 (5) 


A AA A A { C \ 

-0.0044 (5) 


A A A 1 C / A \ 

-0.0015 (4) 


A AAO A i A\ 

-0.0024 (4) 


C23 


A A1 cn ( r\ 

0.0157 (6) 


A A1 /I O //^\ 

0.0142 (6) 


A A 1 /" O 

0.0168 (6) 


AAA/11 i C\ 

-0.0041 (5) 


A AAOT /C\ 

-0.0037 (5) 


A AAAO / A \ 

0.0002 (4) 


/^O 

C3 


0.0132 (5) 


A A 1 7(1 //;\ 

0.01 /0 (6) 


A A 1 {Z\ 

0.0153 (5) 


A AA/1 n i Z'\ 

—0.0049 (5) 


A AAA/; ( A\ 

—0.0006 (4) 


A AA/;0 f A \ 

—0.0068 (4) 


C24 


0.0148 (6) 


0.0210(7) 


0.0220 (6) 


-0.0043 (5) 


-0.0015 (5) 


-0.0022 (5) 


C25 


0.0183 (7) 


0.0240 (7) 


0.0259 (7) 


-0.0025 (5) 


0.0000 (5) 


-0.0084 (6) 


C33 


0.0147 (6) 


0.0199 (7) 


0.0233 (6) 


-0.0056 (5) 


-0.0004 (5) 


-0.0056 (5) 


C34 


0.0168 (6) 


0.0135 (6) 


0.0177 (6) 


-0.0033 (5) 


-0.0025 (5) 


-0.0020 (5) 


C29 


0.0164 (6) 


0.0140 (6) 


0.0175 (6) 


-0.0062 (5) 


0.0005 (5) 


-0.0024 (5) 



Geometric parameters (A, °) 



Cul— 02 
Cul— 01 
Cul— 02' 
Cul— 01' 
Cul— 01D 
Cul— Cul' 



1.9647(11) 
1.9655 (11) 
1.9725 (11) 
1.9799(11) 
2.1344(14) 
2.6619(12) 



C2— H2B 
C9— C10 
CI— 01" 
C30— C29 
C1D— H02A 
C1D— H02B 



0.9900 
1.405 (2) 
1.2592 (17) 
1.400 (2) 
0.9800 
0.9800 
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P 1 T fl'JA 

C13 — C30 


1.7350 (17) 


C12 — C14 


1.7344 (17) 


SID — DID 


1.5122 (11) 


SID — C1D 


1 Toon n z_~\ 

1.7889 (16) 


SID — C2D 


1 1AAC / 1 0\ 

1.7905 (18) 


p 1 ,1 PT /I 

C14 — C34 


1 Ti HO / 1 c\ 

1.7368 (15) 


Cll — CIO 


1.7406 (16) 


/~\T /"* "> 1 

<J2 — C2 1 


1 T Z_~ /I A / 1 H\ 

1.2649 (17) 


Ul — CI 


1.2595 (16) 


Ol — CI 


1 T C/M / 1 H\ 

1.2592 (17) 


02 — C21 


1.2578 (16) 


NO 12 — C29 


1.3959 (18) 


xta n rio 
NOlz — C28 


1 /ion /i o\ 
1.4212 (18) 


XTA 11 T T A 1 O 

N012 — H012 


n on /t\ 

0.80 (2) 


C14 — C13 


1.386 (2) 


C14 — C9 


1 -iac /n\ 

1.405 (2) 


C28 — C2 / 


1.394 (2) 


PTO /" O ~) 

C28 — C23 


1.397 (2) 


C8 — C7 


1.3966 (19) 


Co — C3 


1.401 (2) 


Co — Nl 


1.4193 (18) 


XT 1 A 

Nl — C9 


1 A HAT / 1 A\ 

1.4003 (19) 


Nl — HI 


0.81 (2) 


C31 — C30 


1.386 (2) 


C31 — C32 


1.387 (2) 


/" • ^» 1 tit 1 

C31 — H31 


0.9500 


C13 — C12 


1 ion \ 

1.389 (2) 


C13— H13 


0.9500 


C27— C26 


1.388 (2) 


f ' n T TT *7 

Cll — H27 


0.9500 


p ~\ P T 

Cz — C3 


1.5050 (19) 


PT p i 

Cz — CI 


1.5203 (19) 


PT TJO A 

Cz — H2A 


f\ AAAA 

0.9900 


02 — Cul — Ol 


O/T AT /r\ 

86.92 (5) 


r\"i /" 1 . . 1 /~vo ' 

02 — Cul — 02 


167.83 (4) 


Ol — Cul — 02 


AT AH { c\ 

92.4/ (6) 


02 — Cui — or 


AA CA /f \ 

90.59 (5) 


Ol — Cul — Ol 


167.60 (4) 


02 — Cui — or 


on a 1 

87.41 (6) 


P., 1 Pt 1 T\ 

02 — Cu 1 — 0 1 D 


AT 1 1 /f \ 

97.11 (5) 


Ol — Cul — OlD 


A /I Ol /A \ 

94.31 (4) 


02 — Cul — OlD 


AC c\r / A\ 

95.06 (4) 


Ol — Cul — OlD 


9o.06 (4) 


02— Cul— Cul 1 


86.45 (4) 


01— Cul— Cul 1 


85.35 (3) 


02'— Cul— Cul 1 


81.39(4) 


01'— Cul— Cul 1 


82.36 (3) 


OlD— Cul— Cul 1 


176.41 (3) 



C1D — H02C 


A AO A A 

0.9800 


C5 — C6 


1 T OA /T\ 

1.389 (2) 


C5 — C4 


1 1 A A /T \ 

1.390 (2) 


s ' £ TTC 

C5 — H5 


A A C A A 

0.9500 


C12 — Cll 


1 TOO /T\ 

1.388 (2) 


C12 — H12 


0.9500 


Z" 1 1 1 r i A 

Cll — CIO 


1 O O C /T\ 

1.385 (2) 


Cll — Hll 


0.9500 


C7 — C6 


1 T OA /T\ 

1.389 (2) 


C7 — H7 


A ACAA 

0.9500 


C6 — H6 


A ACAA 

0.9500 


f ' ~\ T~\ TTAT A 

C2D — H03A 


A AOAA 

0.9800 


C2D — H03B 


A AOAA 

0.9800 


C2D — H03C 


A AOAA 

0.9800 


C4 — C3 


1 OAT /T\ 

1.392 (2) 


C4 — H4 


0.9500 


n /l POC 

C26 — C25 


1 TOO /T\ 

1.388 (2) 


C26 — H26 


A ACAA 

0.9500 


C22 — C23 


1.511 (2) 


PT 1 

C22 — C21 


1 C 1 AO / 1 A\ 

1.5198 (19) 


POO TJO O A 

C22 — H22A 


A AAAA 
0.9900 


p^l TTT">T"> 

C22 — H22B 


A AAAA 

0.9900 


C32 — C33 


1.384 (2) 


PT1 TTT) 

C32 — H32 


A ACAA 

0.9500 


POI p\o?i 

C21 — U2 


1.25 /9 (16) 


C23 — C24 


1 TAAT / 1 A\ 

1.3992 (19) 


C24— C25 


1.390 (2) 


r^^) A TTO ^1 

C24 — H24 


A ACAA 

0.9500 


C25— H25 


0.9500 


C33 — C34 


1 TO/' /T \ 

1.386 (2) 


C33 — H33 


0.9500 


PO a PTA 

C34 — C29 


1.402 (2) 


H02 A — C 1 D — H02C 


1 AA C 

109.5 


TTA1T) f ' 1 TTA1P 

H02B — C1D — H02C 


1 AA C 

109.5 


C6 — C5 — C4 


119.31 (14) 


C • / PC TTC 

C6 — C5 — H5 


1 ^A 

120.3 


f • a p r TTC 

C4 — C5 — H5 


120.3 


P11 p 1 r\ PIO 

Cll — C12 — C13 


1 T A AA / 1 /I \ 

120.00 (14) 


Cll — C12 — Hlz 


1 OA A 
120.0 


P 1 1 P 1 T TT1 O 

Cl3 — C12 — Hl2 


120.0 


P1A P11 P1T 

C10 — Cll — C12 


1 1 A C A / 1 C\ 

119.50 (15) 


CM\ T-T11 

CIO — Lll — Hll 


lzO.3 


C12— Cll— Hll 


120.3 


C6— C7— C8 


120.25 (13) 


C6— C7— H7 


119.9 


C8— C7— H7 


119.9 


C5— C6— C7 


120.16(13) 
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DID — MD — C1D 


1 A/T T 1 /n\ 

106.71 (7) 


(J 1 D — S 1 D — C2D 


1 A/T Cl /*7\ 

106.52 (7) 


cm r"or\ 

C 1 D — S 1 D — C2D 


no 1 -> /o\ 

98.13 (8) 


C21 — (J2 — Cul 


1 OA A 1 /A\ 

120.01 (9) 


S 1 D — (J 1 D — Cu 1 


133. zz (6) 


CI — Ol — Cul 


121.65 (9) 


cr — oi — Cui 


11* OA /AS 

124.30 (9) 


Czr — 1)2 — Cul 


nc in /A\ 

125.79 (9) 


C^")(\ XT A 1 i no 

C29 — JN 0 1 z — C28 


119. ID (lz) 


nn \TA1 1 TTA11 

C29 — JN012 — HO 12 


116.5 (14) 


/-iTO XTA1 "i TTA1 O 

C28 — JNOlz — HOlz 


1 1 f A i A A\ 

115.4 (14) 


C13 — C14 — C9 


122.73 (14) 


C 1 5 — C 1 4 — C12 


1 1 o O-T /I 1 \ 

118.2/ (11) 


C9 — C14 — Cl2 


110 AO 

118.98 (11) 


C27 — C2 8 — C23 


1 OA AA /1 1\ 

120.00 (13) 


C27 — C2 8 — N 012 


121.21 (13) 


rioi no XTA 1 T 

C23 — C28 — JN 012 


1 1 O *7A f\^}\ 

llo. /9 (13) 


L7 — C8 — C3 


1 OA A/_ /n\ 

120.06 (13) 


/~1 *7 /~i o XT 1 

C7 — C8 — Nl 


121.86 (13) 


C3 — C8 — N 1 


118.07 (12) 


/""A TVT1 t~"0 

C9 — Nl — Co 


123.36 (12) 


/~T\ TVT1 TT1 

C9 — N 1 — HI 


111 A / ^ A\ 

111.4 (14) 


/"' o XT 1 T T 1 

C8 — Nl — HI 


113.6 (14) 


C30 — C3 1 — C32 


119.23 (13) 


a r^i 1 1 1 a i 
C3U — C3 1 — Hj 1 


1 OA /I 

120.4 


PTN /T) 1 TT11 

C32 — C3 1 — H3 1 


120.4 


f A -1 A f A 1 i-) f ' 1 1 

C14 — CI 3 — C12 


1 1 A ylA /" 1 A \ 

119.40 (14) 


\ a rn tt 1 i 

C14 — C13 — H13 


120.3 


/in Tin 

C12 — C13 — HI 3 


1 OA O 

120.3 


C26 — C27 — C28 


120.68 (14) 


C26 — C27 — H27 


119.7 


/■^ i o /-in TTn 

C28 — C27 — H27 


1 1 A n 

119.7 


/~") i~<o /~< 1 

C3 — C2 — CI 


i i f oi /I 1\ 

115.83 (11) 


C3 — C2 — H2A 


1 no -t 

108.3 


C 1 — Lz — Hz A 


1 AO -i 

108.3 


/~11 /~11 t TIT) 

C3 — C2 — HzB 


1 AO -i 

108.3 


r ' i /"il I HT) 

C 1 — Cz — Hzb 


1 AO 1 

108.3 


HzA — Cz — HzB 


107.4 


XT 1 /"" n /""< 1 /I 

Nl — C9 — C14 


AC ( W A\ 

122.05 (14) 


Nl — C9 — CIO 


in i r /i-)\ 

122.15 (13) 


C 1 4 — C9 — C 1 0 


115.66 (13) 


(Jl — CI — <J1 


125.60 (12) 


/~\ 1 /■ /-1 1 /"• 

or — ci — C2 


i i n C\f\ i 1 1 \ 

117.90 (12) 


01— Cl— C2 


116.48 (12) 


C31— C30— C29 


122.77 (13) 


C31— C30— C13 


118.42(11) 


C29— C30— C13 


118.81 (10) 


SID— C1D— H02A 


109.5 


SID— C1D— H02B 


109.5 



C5 — C6 — H6 


119.9 


S~~\ 1 /- A / IT/ 

C7 — C6 — H6 


119.9 


S l D — C2D — H03 A 


109.5 


riir\ /-iaj~v iiATri 

S 1 D — C2D — H03B 


1 Afl C 

109.5 


H03A — C2D — H03B 


109.5 


SID — C2D — H03C 


109.5 


H03 A — C2D — H03 C 


109.5 


H03B — C2D — H03C 


109.5 


C5 — C4 — C3 


111 C C / 1 A\ 

121.55 (14) 


/"' £ f A A T J A 

C5 — C4 — H4 


119.2 


/- • ry /-A A TT 1 

C3 — C4 — H4 


119.2 


C25 — C26 — C27 


1 19.88 (14) 


C2 5 — C2 6 — H2 6 


120.1 


C27 — C26 — H26 


120.1 


C23 — C22 — C21 


111. 97 (ll) 


C23 — C22 — H22A 


109.2 


/"a -i /~in t th a 

C2 1 — C22 — H22A 


109.2 


C23 — C22 — H22B 


109.2 


C2 1 — C22 — H22B 


109.2 


H22A — C22 — H22B 


107.9 


C33 — C32 — C3 1 


i 1 a ao /n\ 

119.92 (13) 


C33 — C32 — H32 


1 ir\ r\ 

120.0 


C31 — C32 — H32 


120.0 


Cll — C10 — C9 


111 /'A /1 /1\ 

122.69 (14) 


Cll — C10 — Cll 


1 1 O CO /1 n\ 

118.58 (12) 


C9 — CIO — Cll 


iiot> /11\ 

1 18.73 (11) 


02 1 — C21 — 02 


1 --\ J- / 1 1 \ 

125.72 (13) 


/"il'i noi riii 

02 1 — C2 1 — C22 


i i n lO /11\ 

117.28 (12) 


*~\o ni 

02 — C2 1 — C22 


1 1 z: AO /1 T\ 

116.98 (12) 


/—a r\ r\ /—a ^\ ^> A 

C28 — C23 — C24 


i i o a r\ / 1 i \ 

118.49 (13) 


/—< i o /~in 

C28 — C23 — C22 


1 in t i /i i\ 

120.72 (12) 


C24 — C23 — C22 


iin ti / 1 i \ 

120.72 (13) 


/-a a m /-in 

C4 — C3 — C8 


1 1 O /T\ / 1 1\ 

118.60 (12) 


y~~A A /T> /"A ^\ 

C4 — C3 — C2 


120.36 (13) 


C8 — C3 — C2 


121.01 (12) 


C25 — C24 — C23 


111 /f i / 1 /I \ 

121.42 (14) 


/-\1f /~11 /I TT1,1 

C25 — C24 — H24 


119.3 


C23 — C24 — H24 


119.3 


C26 — C25 — C24 


1 19.44 (14) 


/"lie TT1C 

C26 — C25 — H25 


1 in i 

120.3 


C24 — C25 — H25 


120.3 


/—l 1 1 /" 1 1 /—I -) yl 

C32 — C33 — C34 


i i a Ol /11\ 

119.82 (13) 


mi mi ttii 

C32 — C33 — H33 


1 in 1 

120.1 


C34 — C33 — H33 


1 OA 1 

120.1 


C33— C34— C29 


122.24(13) 


C33— C34— C14 


119.09(11) 


C29— C34— C14 


118.66(10) 


NO 12— C29— C30 


120.60(13) 


NO 12— C29— C34 


123.50(13) 
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H02A— C1D— H02B 
SID— C1D— H02C 



109.5 
109.5 



C30— C29— C34 



115.89(12) 



01— Cul— 02— C21 
02'— Cul— 02— C21 
01'— Cul— 02— C21 
OlD— Cul— 02— C21 
Cul'— Cul— 02— C21 
C 1 D— S 1 D— 0 1 D— Cu 1 
C2D— S 1 D— 0 1 D— Cu 1 

02— Cul— OlD— SID 

01— Cul— OlD— SID 
02'— Cul— OlD— SID 
01'— Cul— OlD— SID 

02— Cul— 01— CI 
02'— Cul— 01— CI 

or— Cui— oi— ci 

OlD— Cul— 01— CI 
Cul 1 — Cul— 01— CI 

02— Cui— or— cr 

01— Cui— or— ci 1 
02'— cui— or— cp 
oiD— Cui— or— cp 
CuP— Cui— or— cp 

02— Cul— 02'— C2P 
01— Cul— 02'— C2P 
01'— Cul— 02'— C2P 
OlD— Cul— 02'— C2P 
CuP— Cul— 02'— C2P 
C29— NO 1 2— C28— C27 
C29— NO 1 2— C28— C23 
C7— C8— Nl— C9 
C3— C8— Nl— C9 
C9— C14— C13— C12 
C12— C14— C13— C12 
C23— C28— C27— C26 
N012— C28— C27— C26 
C8— Nl— C9— C14 
C8— Nl— C9— CIO 
C13— C14— C9— Nl 
C12— C14— C9— Nl 
C13— C14— C9— CIO 
C12— C14— C9— CIO 
Cul— 01— CI— 01" 
Cul— 01— CI— C2 
C3— C2— CI— 01" 
C3— C2— CI— 01 
C32— C31— C30— C29 
C32— C31— C30— C13 



-80.75 (10) 
6.7 (3) 
87.09 (10) 
-174.72(10) 
4.78 (10) 
54.37 (10) 
-49.71 (10) 
-106.94(9) 
165.63 (8) 
72.77 (9) 
-15.32(9) 
84.24(11) 
-83.59 (11) 
5.6(3) 
-178.85 (10) 
-2.44 (10) 
-93.06 (12) 
-14.8 (3) 
74.93 (11) 
169.68(11) 
-6.72(11) 

2.2 (3) 
89.04 (12) 
-78.54 (11) 
-176.41 (11) 
4.12(11) 
-26.4 (2) 
152.56 (13) 
-13.2 (2) 
167.83 (13) 

1.3 (2) 

-177.01 (11) 
2.1 (2) 
-178.99 (14) 
-63.1 (2) 
121.19 (16) 
-177.33 (13) 
0.95 (18) 
-1.3 (2) 
176.94 (10) 
8.65 (19) 
-169.98 (9) 
3.49(18) 
-177.76 (12) 
1.9(2) 

-177.23 (11) 



C3— C8— C7— C6 
Nl— C8— C7— C6 
C4— C5— C6— C7 
C8— C7— C6— C5 
C6— C5— C4— C3 
C28— C27— C26— C25 
C30— C31— C32— C33 
C12— Cll— CIO— C9 
C12— Cll— CIO— Cll 
Nl— C9— CIO— Cll 
C14— C9— CIO— Cll 
Nl— C9— CIO— Cll 
C14— C9— CIO— Cll 
Cul— 02— C21— 02" 
Cul— 02— C21— C22 
C23— C22— C21— 02" 
C23— C22— C21— 02 
C27— C28— C23— C24 
NO 1 2— C2 8— C23— C24 
C27— C28— C23— C22 
NO 12— C28— C23— C22 
C21— C22— C23— C28 
C21— C22— C23— C24 
C5— C4— C3— C8 
C5— C4— C3— C2 
C7— C8— C3— C4 
Nl— C8— C3— C4 
C7— C8— C3— C2 
Nl— C8— C3— C2 
CI— C2— C3— C4 
CI— C2— C3— C8 
C28— C23— C24— C25 
C22— C23— C24— C25 
C27— C26— C25— C24 
C23— C24— C25— C26 
C31— C32— C33— C34 
C32— C33— C34— C29 
C32— C33— C34— C14 
C28— NO 1 2— C29— C3 0 
C28— N012— C29— C34 
C3 1— C30— C29— N012 
C13— C3 0— C29— NO 12 
C31— C30— C29— C34 
C13— C30— C29— C34 
C33— C34— C29— NO 12 
C14— C3 4— C29— NO 1 2 



1.2 (2) 

-177.75 (13) 
-1.9 (2) 
1.2 (2) 
0.2 (2) 
0.5 (2) 
1.5(2) 
0.8 (2) 
-179.88 (11) 
176.25 (13) 
0.3 (2) 
-3.02 (18) 
-179.00(10) 
-9.74(19) 
168.74 (9) 
116.54(13) 
-62.08 (16) 
-3.4 (2) 
177.69 (13) 
173.79(13) 
-5.15 (19) 
85.23 (16) 
-97.69 (15) 
2.1 (2) 
-175.91 (13) 
-2.8 (2) 
176.17(12) 
175.18 (12) 
-5.80(19) 
-100.88 (15) 
81.12 (16) 
2.1(2) 
-175.05 (13) 
-1.8 (2) 
0.5 (2) 
-2.6 (2) 
0.3 (2) 
-179.55 (11) 
-59.39(19) 
121.85 (15) 
177.19(14) 
-3.74 (19) 
-4.0 (2) 
175.12(10) 
-178.30 (13) 
1.52(19) 
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C14— C13— C12— Cll -0.1(2) C33— C34— C29— C30 2.9 (2) 

C13— C12— Cll— CIO -0.9(2) C14— C34— C29— C30 -177.30 (10) 

Symmetry code: (i) -x, -y, -z+1 . 



Acta Cryst. (2012). E68, m474-m475 



sup-10 



